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Metho d and djastige for__supplying power to ajnojtor- vehicle 
electri c::staxter^ contactor with determinable b ehaviour 

The invention relates to the methods and devices 
5 for control of motor-vehicle starters. 

A motor-vehicle starter conventionally includes 
(Fig. 1) an electric motor M, a contactor 10, and a 
circuit 20 for control of this contactor 10. 

The contactor 10 includes a coil B (or several) 
10 and a movable core driving a switch K. For further de- 
tails, refer to document FR-A-2 795 884 filed on 28 
June 2000, and more particularly to Figure 1 of it. 

Hence, when the coil B is supplied with elec- 
tricity, the starter switch actuated, for example, by 
15 the ignition key so much [sic] closed, the movable core 
is allowed to move and to act on a rod shackled elasti- 
cally to a movable contact, conventionally plate-shaped 
and intended, at the end of travel, to come into con- 
tact with fixed, electrical power-supply terminals 
20 linked respectively to the positive terminal (+Bat) of 
the battery and to the electric motor M. The switch K 
therefore includes the movable contact and the termi- 
nals. When it is closed the motor M is supplied with 
power . 

25 The control circuit 20 includes a transistor Tl, 

placed in series with the coil B, as well as a micro- 
controller 25 for control of this transistor Tl. 

The contactor 10 therefore has a role of elec- 
trical switch between a source (the battery of the ve- 

30 hide) and the motor M, and also a role as actuator for 
means of meshing between the motor M and the internal- 
combustion engine of the vehicle. 

More precisely, as can be seen in Figure 1 of 
the abovementioned document FR-A-2 795 884, the contac- 

35 tor 10 is installed above the motor M, being parallel 
to it . 



The movable core is shackled to the upper ex- 
tremity of a fork-shaped lever with an intervening 
spring called tooth-on-t ooth spring. 

The lower end of the lever is configured to act 
on an inertia-type drive including a hub, a pinion and 
a free wheel interposed between the pinion and the hub; 
the said free wheel comprising an outer cage-shaped 
part integral with the hub, an inner part integral with 
the pinion and rollers interposed between the inner and 
outer parts. 

The pinion, when it is moved by the lever via 
the movable core, is intended to mesh with the starter 
ring of the internal-combustion engine of the motor ve- 
hicle, knowing that the hub of the inertia-type drive 
meshes with an output shaft configured to be driven di- 
rectly or indirectly by the electric motor M. 

Because of this second role of the contactor, 
and for reasons of wear on the core, it has proved to 
be necessary to avoid over-rapid movement of the lat- 
ter. 

In order to exert control over the kinematics of 
movement of the movable core and of the inertia-type 
drive, a variation in useful current strength in the 
coil B is chosen, especially by taking into account 
various mechanical parameters specific to the inertia- 
type drive in question, such as its inertia and the 
friction forces which it encounters during its advance 
movement from its rest position to its working posi- 
tion . 

Account is also taken of the inertia and of the 
friction forces of the core. 

By way of example, the mass of an inertia-type 
drive may vary from 1 to 4, depending on whether it is 
intended for a starter of a small private vehicle or a 
heavy-goods-vehicle starter. Similarly, the friction of 
an inertia-type drive is markedly greater for a slid- 



ing-pinion starter than for an ogive-type pinion 
starter . 

It has been proposed, in the document FR-A-2 795 
884, to supply the coil of the contactor with a vari- 
able, pulsed current, the variation in the duty cycle 
of which, and thus in the effective current in the 
course of time, depend [sic] on the parameters of the 
movable core. 

Depending on the starter for which it is in- 
tended, the microcontroller 25 is programmed appropri- 
ately . 

In practice, the microcontroller 25 is placed on 
an electronics card, and the cards often differ only in 
the programming of the microcontroller. The card is 
preferably mounted into the contactor 10 in the vicin- 
ity of the fixed core of the contactor 10 as described, 
for example, in the document EP-A-0 751 545 to which 
reference will be made for further details. The risks 
are therefore higher of confusing the cards and of 
equipping contactors, starters or vehicles with unsuit- 
able cards by mistake. 

Moreover, this type of mistake is difficult to 
identify once the card has been mounted into the con- 
tactor, and the latter mounted on the starter, given 
that the electronic circuits associated with the con- 
tactor are integrated into it. 

One solution would be to have an electronic 
socket for diagnosis on the contactor. However, such a 
socket features a bulky connector. Moreover, this 
amounts to an expensive solution. 

The invention proposes to overcome this drawback 
here, that is to say to make it possible easily and re- 
liably to identify the type of programming of a contac- 
tor-control microcontroller, especially when it is al- 
ready mounted onto the starter. 



This object is achieved, according to the inven- 
tion, by a method of supplying power to a motor-vehicle 
electric-starter contactor in which, on a circuit for 
supplying power to the contactor, an ef f ect ive-power- 
5 supply signal is provided having a chosen profile, 
characterised in that, on the power-supply circuit, a 
supplementary signal is also provided having a shape 
which is chosen in order to facilitate the identifica- 
tion of the profile of the effective-power-supply sig- 
10 nal. 

The invention also proposes a device for supply- 
ing power to a motor-vehicle starter contactor, includ- 
ing a circuit for supplying power to the contactor and 
means for providing, on this circuit, an effective- 

15 power-supply signal having a chosen profile, character- 
ised in that it also includes means for providing, on 
the power-supply circuit, a supplementary signal having 
a shape which is chosen in order to facilitate the 
identification of the chosen profile of the effective- 

20 power-supply signal. 

Other characteristics, objects and advantages of 
the invention will emerge better on reading the de- 
scription which will follow, given by reference to the 
attached figures, in which: 

25 - Figure 1 represents a layout for supplying 

power to a starter contactor in accordance with the 
state of the art; 

- Fig [sic] 2 is a plot representing the profile 
of a voltage duty cycle of power supply to a contactor 

30 coil; 

- Figure 3 is a plot representing the profile of 
a voltage duty cycle of power supply to a contactor 
coil, according to the invention; 

- Figure 4 represents a train of identification 
35 pulses according to the invention. 



In Figure 2 has been represented, on the abscis- 
sae, successive instants in the course of the movement 
of a movable contactor core (core pull-in period) , and 
on the ordinate the duty cycle of the power-supply 
voltage to the coil B of the contactor. 

This figure 2 is identical to Figure 3 of the 
document FR-A-2 795 884. Thus the coil B is supplied 
with power by way of the transistor T with pulse-width- 
modulation (PWM) type pulses, according to the usual 
terminology, the transistor T being driven by the mi- 
crocontroller 25. 

During a first phase, lasting from an instant to 
to an instant ti, a duty cycle Rl is adopted, which is 
close to or equal to 100%. During this phase, a high 
effective current passes through the coil B and the 
movable core is subjected to an attraction force which 
is sufficient to unseat it from its rest position and 
to put it into motion. This phase is short enough not 
to produce a high attraction force on the core except 
for the purpose of unseating it. 

During a second phase, lasting from the instant 
ti to an instant ta, the transistor Ti is first of all 
(up to an instant tz) the seat of a duty cycle R2 sub- 
stantially equal to 50%, such that the effective cur- 
rent in the coil B is just sufficient to overcome re- 
sidual friction forces, which are reduced after the un- 
seating of the movable core. During this first inter- 
val, the movable core therefore carries on with its 
movement until the contactor closes, without excessive 
speed . 

In a second interval of this second phase, which 
runs from the instant t2 to the instant t3, after a 
time which is determined or predetermined in the acci- 
dental case in which the switch K might not have been 
able to be closed especially when abnormally high 
forces are present in the contactor, the fork, the in- 
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ertia-type drive and/or the motor M - the movable con- 
tact of the switch K not being in contact with the 
electrical power-supply terminals - the microcontroller 
25 implements a continuous and progressive increase in 
5 the duty cycle, going from the ratio R2 and returning 
to the ratio Rl . This interval makes it possible, via 
the progressive increasing of the effective current 
strength, to ensure closure of the contactor 10. 

In a further phase running from the instant t3 

10 to an instant t4, the duty cycle is held at Rl so as to 
keep the movable core in its contacting position 
(switch K closed) with a high attraction force which 
prevents the movable core bouncing against the fixed 
core of the contactor. 

15 This arrangement makes it possible to be able to 

absorb the current spikes due to the starting of the 
internal-combustion engine by the electric motor M. Af- 
terwards, in a third phase, a duty cycle R3 is adopted, 
here lower than R2 , in order to keep the switch in clo- 

20 sure position. Needless to say, between the instants t3 
and t4, a duty cycle higher than Rl, for example, can 
be adopted. 

The plot of Figure 3 reiterates this particular 
shape of the profile of the duty cycle, in which the 
25 duration and duty-cycle values are matched to the spe- 
cific mechanical characteristics of the associated con- 
tactor . 

The plot of Figure 3, however, according to one 
characteristic of the invention, exhibits a preliminary 

30 phase, lasting from an instant t-i to the instant to, 
during which the coil B receives a pulse train which is 
chosen so as to be both easily examined by a user, by 
the use of simple facilities, and at the same time eas- 
ily recognisable, that is to say exhibiting specific 

35 shape characteristics which are easily recognised and 
render it unlikely to be confused with another signal. 



This pulse train is specifically adopted here 
with the duty-cycle profile described above, from which 
it is indissociable since it is programmed into the mi- 
crocontroller 25 simultaneously with this particular 
5 profile. 

In the present example, this pulse train L, be- 
cause it exhibits a particular shape, associated exclu- 
sively with the preceding duty-cycle profile, consti- 
tutes an intrinsic reference or a marking of this par- 
10 ticular control signal, intrinsic to the object which 
it is to identify, namely the behaviour of the micro- 
controller 25. 

There can therefore be no mistake between the 
indication which this preliminary signal constitutes 
15 and the control signal actually generated by the micro- 
controller 25. 

The pulse train here features a duty cycle R4 
lower than R2 , such that the effective current strength 
resulting from this pulse train does not cause any 
20 movement of the movable core, so that there is no me- 
chanical effect on the contactor. 

This pulse train has been represented in more 
detail in Figure 4. Here, the duty cycle R4 is higher 
than the duty cycle R3 . In a variant it is lower than 
25 the ratio R3 . 

The specific shape characteristics of this pulse 
train here lie in its total duration T (equal to the 
difference between to and t-i) . 

In the present example, a different duration T 
30 is therefore chosen for cards having different behav- 
iours . 

Thus, the reference of a card used on an elec- 
tronic starter is easily identified, via this duration 
T, without any additional circuitry on the starter, 
35 both on a production line and on a complete starter or 



even on a starter mounted on a vehicle. Moreover, this 
identification does not require any dismantling. 

This duration T also corresponds to a predeter- 
mined number of pulses. 
5 Using an oscilloscope, which measures the in- 

stantaneous current strength, an operator can easily 
identify this number of pulses which have appeared dur- 
ing this preliminary phase. To that end he samples the 
control signal, for example at the output of the micro- 
10 controller 25, at the input of the transistor Tl, at 
the output of the transistor Tl, or else the voltage at 
the terminals of the coil B. 

Such an identification signal can also be de- 
tected by the use of a detection device configured to 
15 recognise it, for example pre-programmed to react to 
the expected signal. 

This identification signal can, in a variant, 
reveal the power-supply mode, by being the seat of a 
coding . 

20 Such a coded pulse train may especially exhibit 

a ratio of duration between the high state and the low 
state which is characteristic of the variation in cur- 
rent strength delivered by the card to the coil B upon 
starting . 

25 The identification can also be done via a coded 

pulse train including at least two levels of duration 
in the high state. 

The identification signal is, for example, a 
pulse-width-modulation (PWM) type signal. In one simple 

30 embodiment, a PWM frequency of the signal, from t-i to 
to, is programmed which is different from the frequency 
used after to, and the identification is done by measur- 
ing the frequency. In another embodiment, the identifi- 
cation signal is programmed with a frequency modulation 

35 according to a given code. 
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In these various cases, the pulse train on the 
power-supply circuit of the coil or coils of the con- 
tactor, (here prior to the operation of the contactor 
10) , exhibits a coding which makes it possible to iden- 
5 tify the type of programming used in the microcontrol- 
ler 25, without this pulse train putting the movable 
core into motion (but not restrict ively) . 

Thus the supplementary signal can be chosen so 
as to have no mechanical effect on the contactor. 
10 The pulse train reveals a specific programming, 

and makes it possible, for example, to distinguish be- 
tween control programmings which can be very similar to 
one another and which would be difficult to differenti- 
ate otherwise. It makes it possible, for example, to 
15 differentiate between adaptive programmings by reveal- 
ing the type of adaptation which they implement. 

In a variant, the supplementary signal is not a 
pulse train. 

Needless to say, the present invention is not 
20 limited to the embodiment example described. For exam- 
ple, in the second interval of the second phase, the 
microcontroller 25 may systematically implement a con- 
tinuous and progressive increase in the duty cycle even 
in the event of correct operation. In a variant, this 
25 increase in the duty cycle can be carried out in a non- 
progressive way via an abrupt increase in the duty cy- 
cle so as to regain the ratio Rl . 

Thus, in all cases, an effective-power-supply 
signal having a chosen profile is provided on a power- 
30 supply circuit for the contactor and, according to the 
invention, a supplementary signal is also provided hav- 
ing a shape which is chosen in order to facilitate the 
identification of the profile of the effective-power- 
supply signal. 



